Aquatic ascomycetes occur in freshwater and marine environments where they facilitate nutrient cycling and energy flow through the water column, and are the foundations of aquatic food webs. This study investigates the diversity and abundance of aquatic ascomycetes on submerged wood in freshwater, estuarine and marine habitats in north-west Scotland. The fresh water habitat exhibits lowest temperature and salinity with an increasing gradient through the estuarine and marine habitats. Morphological identification and molecular analysis were used to identify taxa. A detailed description is given for Sporoschisma juvenile and Chalara anamorph of Calycina parilis and their phylogenetic placement is discussed based on their morphological variability and both ITS and LSU rDNA. Diversity of aquatic ascomycete taxa decreased along temperature and salinity gradients, being lowest in the estuarine and marine habitats. The composition of fungal communities varied between the three sampled habitats with some taxa common to all three and others exclusive to one habitat. A wide range of biotic, abiotic and anthropogenic factors affect aquatic fungal diversity. It is therefore important to improve our understanding of these effects on aquatic fungal diversity to successfully conserve aquatic ecosystems in light of changing global environments.
Introduction
Fungi play an important role influencing productivity and biodiversity of both terrestrial and aquatic ecosystems (van der Heijden et al. 1998 , Wong et al. 1998 , Geraldes et al. 2012 . There has been a long and continuing tradition of research into aquatic fungi and new species are still being discovered (e.g. Réblová et al. 2014 , 2015 , Fournier et al. 2015 , Zhang et al. 2015 , Luo et al. 2016 The importance of these organisms in secondary metabolite production has also been recognised (Jones 2011) . Despite the UK being the home to C.T.
Ingold who discovered aquatic hyphomycetes, there are relatively few studies on aquatic lignicolous ascomycetes or aquatic hyphomycetes (Willoughby & Archer 1973 , Iqbal & Webster 1977 , Shearer & Webster 1985a , 1985b , 1991 , Kane et al. 2002 , Pearman et al. 2010 which grow mainly on woody substrates and as a result the diversity of these fungi in aquatic habitats in the UK is relatively unexplored. Recent studies estimate total fungal biodiversity at 3.5-5.1 million species (O'Brien et al. 2005 , Richards et al. 2012 , while aquatic fungal diversity has been estimated at 3000-4145 species (Shearer et al. 2007 , Jones et al. 2014 . These estimates highlight the relatively low fungal diversity in aquatic as compared to terrestrial habitats (Bärlocher & Boddy 2016) , which may truly be due to a wide range of biotic and abiotic factors or may be merely an artefact of low sampling effort in aquatic environments (Richards et al. 2012 ). However, the study of metagenomics using high throughput sequencing may mean that biodiversity estimates need to be revisited (Bärlocher & Boddy 2016) .
Aquatic hyphomycetes are adapted to lotic freshwater environments growing on dead plant material such as leaf litter (Ingold 1942 , Medeiros et al. 2009 , Fernandes et al. 2012 ) and submerged lignicolous material (Yuen et al. 1998 , Vijaykrishna et al. 2006 , Shearer et al. 2007 , Kuehn 2016 . Sexual ascomycetes also display adaptations to aquatic environments (Willoughby & Archer 1973 , Pearman et al. 2010 , and facilitate decomposition and softening of lignicolous wood substrates (Hyde et al. 2016) . Recent evidence suggests that aquatic hyphomycetes can survive and grow outside aquatic environments for a part of their lifecycle (Chauvet et al. 2016 ), e.g. with an endophytic phase in tissues of terrestrial plants (Sokolski et al. 2006 , Selosse et al. 2008 , Seena & Monroy 2016 . Many ascomycetes recorded in aquatic habitats are migrants from terrestrial habitats (Vijaykrishna et al. 2006 , Shearer et al. 2007 ).
The aim of this research is to elucidate the diversity and abundance of aquatic fungi in three different habitats in north-west Scotland through morphological and molecular identification of taxa. The hypothesis is that the abundance and diversity of aquatic fungi will be different between the three habitats. A similar study was undertaken previously in Scotland on the east coast in an area close to human habitation (Pearman et al. 2010 ) and studies of aquatic hyphomycetes have been undertaken near the present study (Ingold 1973) .
Materials & Methods Sample collection
Wood samples were collected on 17 th January 2016 at Feochan Bheag (56°21'54.2"N 5°26'17.2"W) and Barrnacarry Bay (56°20'45.9"N 5°32'38.5"W) in the north west of Scotland. Fifty samples of submerged or recently submerged wood were collected from each site. Wood originating from a variety of tree species of varying sizes were collected in order to maximise diversity of aquatic fungi found. Five subsites were selected along a 200m transect along the water's edge at the river and estuary sites (Feochan Bheag). Five to 20 samples of submerged wood were collected from each subsite. Wet wood samples were collected evenly along a 200m stretch of beach, below the high tide mark to ensure the wood had been recently submerged. Water samples were collected for incubation and to make culture media. Wood samples were immediately sealed in individual labelled plastic bags to avoid contamination. The bagged wood samples were stored at 4°C until examination.
At the three sampled habitats (marine, estuarine and freshwater), abiotic variables of the waterbody were measured to investigate the environmental conditions of each habitat. At each sampling subsite measurements of water pH, temperature (°C) and electrolytic conductivity (µS/m) were taken using a HANNA H1991300 instrument (Rhode Island, USA). The HANNA instrument was calibrated directly prior to sampling at each subsite using prescribed HANNA calibration solutions. Electrolytic conductivity was used to measure dissolved ion content of solutions (Gray 2014 ) estimating salinity (Lewis & Perkin 1978) and will be referred to as salinity hence forth. For marine salinity measurements, a figure of >3999µS/m is used as this was the maximum range of the HANNA instrument and all five marine salinity measurements were >3999µS/m. In order to estimate the salinity of seawater samples, laboratory dilutions were generated giving an estimated salinity of ≈4580mS/m. This corresponds with general estimates of salinity ranging from 5.5µS/m in deionized water to 5000mS/m in seawater (Lenntech 2016).
Specimen examination and culturing
The whole surface of each sample was examined individually under a dissection microscope twice over five weeks (between 19 th Jan -25 th Feb 2016). Microscopic observations were made of all fungi found and images captured with a Leica Microsystems DHC450 digital camera mounted on a Leitz Dialux 20 light microscope with DIC objectives and a Wild Makroskop M420 stereomicroscope for fungi on the substrata.
For all fungi recorded, single spore isolations were attempted on 5% w/v Malt Extract Agar (MEA, Fluka, Sigma Aldrich, Germany) supplemented with 0.3 g/L streptomycin sulphate (Sigma Aldrich, Germany). Once germinated, spores were sub-cultured on to similar MEA media made using distilled water or seawater from Barrnacarry Bay. River and estuary fungi were grown on distilled water MEA and marine fungi were grown on seawater MEA. The cultured fungi were then stored on their respective plates at 4°C and used for DNA extraction, PCR and sequencing. Herbarium specimens and DNA were deposited at E and EDNA respectively, and cultures stored at RBGE or deposited at MFLUCC.
DNA extraction, PCR and sequencing
Cultured fungi were excised from the surface of the plates and placed in 1.5ml Eppendorf tubes and homogenised using sterile micro-pestles, acid washed sand and 50μl 2% CTAB. Micro-pestles where rotated at high speed using a small electric drill. A CTAB extraction was then undertaken (Cubero et al. 1999 ) with an initial step of extended incubation in a SmartBlock (Eppendorf, UK) for 1 hour at 800 rpm and bench top incubation of DNA in 600 μl ice cold propanol for 30 minutes to precipitate DNA. The DNA pellet was finally dissolved in 50µl TE buffer (10mM Tris, 1mM EDTA) and stored at -20 o C. Extracted DNA was used as templates for PCR using the forward ITS1F (5'-CTT GGT CAT TTA GAG GAA GTA A -3') (White et al. 1990 ) and reverse ITS4a (5'-CGC CGT TAC TGG GGC AAT CCC TG -3') (Larena et al. 1999 ) primers amplifying the internal transcribed spacers of ribosomal DNA (further referred to as ITS) and NL1 (5'-GCA TAT CAA TAA GCG GAG GAA AAG -3') and NL4 (5'-GGT CCG TGT TTC AAG ACGG -3') primers amplifying the large subunit of ribosomal DNA (LSU) (O'Donnell 1993) . A 20 µl PCR reaction mixture containing 2 µl 10 × reaction buffer, 0.6 ul MgCl2 (50mM), 2 µl (2 mM) deoxyribonucleotide triphosphate (dNTP mix) (Bioline, UK), 0.75 µl of ITS1f and ITS4A (0.3µM) each and 0.2 µl of Taq DNA polymerase (Bioline, UK), 4 µl 5× trehalose, bovine serum albumin (BSA), and polysorbate-20 (Tween-20)(TBT-PAR) and template DNA (1 µl). PCR was carried out in a programmed thermocycler (BioRad Tetrad2) with the following PCR conditions (3 minutes at 95°C, 35 cycles (45seconds at 94°C, 1 minute at 52°C, 90 seconds at 72°C), 5 min at 72°C). Remaining primers were removed by adding 2 µl of ExoSAP-IT (Affymetrix, California, USA) to 5 µl of the PCR product. Sequencing reactions were conducted for both primers with 1 µl of clean product using BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) following the protocol provided. The PCR products were sequenced at Edinburgh Genomics (Genome Science, The King's Buildings, Edinburgh).
Phylogenetic analysis
Sequences generated by Edinburgh Genomics were trimmed and aligned using Sequencher 5.1 (Gene Codes Corporation, Michigan, USA). Sequencher assembled FASTA files which were entered into UNITE database (Kõljalg et al. 2013) and BLASTn (Altschul et al. 1990 ). Assembled ITS and LSU sequences with selected BLASTn matches where aligned using the MAFFT algorithm implemented in Geneious 6.1.5 software and manually edited in the same software. Phylogenetic analyses were performed independently for both ITS and LSU datasets by Bayesian inference using MrBayes version 3.2 (Ronquist et al. 2012) and by maximum likelihood analysis using MEGA7 (Kumar et al. 2015) . For the Bayesian analysis, the best-fit model was determined using jModeltest version 2.1.5 (Darriba et al. 2012) . Two independent runs of 3,000,000 generations were run with sampling every 100th generation, with the first 25 % of samples discarded as burn-in. Posterior probabilities (PP) were used as Bayesian branch support for consensus trees. The average standard deviation of split frequencies estimating convergence reached the level of 0.002 at the end of the analyses.
Statistical analysis
Abiotic and taxa data were analysed using one-way analysis of variance (ANOVA), Students T-test and regression analyses yielding R 2 -values using Microsoft Excel 2013. The following equations were used to calculate the diversity and similarity of the three sampled habitats based on collected presence/absence data: Shannon Index of Biodiversity (H) (Shannon & Weaver 1949 , Pielou 1966 , Keylock 2005 , Max H (Peet 1975 ), Sørensen's Similarity Index (Sørensen 1948) , Euclidean distance with n dimensions (Krebs 2014) .
Results

Abiotic variables
No statistically significant difference (P<0.05) was found between pH at the river and estuary sites (Fig. 1 ). The marine site was found to have a significantly higher pH than the river and estuary. Statistically significant differences were found between the temperatures of each habitat. This indicates that a temperature gradient exists across the habitats from low (3.89°C-river) to high (7.02°C-marine). Statistically significant differences were found between all three habitats indicating that a salinity gradient exists from low (102.40µS/m-river) to high (>3999µS/m-marine). One outlier was removed from the estuary electrical conductivity data set and excluded for all analysis. 
Aquatic ascomycete abundance and diversity
The fungi recorded were identified using morphological traits and molecular DNA identification. Due to the challenging nature of identifying aquatic fungi not all taxa were successfully identified to species level (Table 1 ). The number, and composition, of species recorded varied between habitats. The Shannon Index of Biodiversity indicated that biodiversity of all sampled habitats was very similar and fell within a 0.23 range (Table 2) . Fungal biodiversity at the river habitat was the highest of the three sampled habitats, whereas the estuary and marine habitats had lower H-values and therefore lower biodiversity. The maximum diversity using Shannon Index (MaxH) is achieved when each individual is a different species, therefore the H-values may be viewed proportionally to their maximum. When viewed proportionally the marine and estuary had a higher % of maxH than the river habitat. Notably all studied habitats had a high % of maxH and therefore high estimated diversity.
The river, estuary and marine habitats fell along a temperature and salinity gradient which may have affected diversity and distributions of aquatic fungi. This can be visualised by comparing aquatic fungal diversity (H) with salinity and temperature at each habitat (Fig. 2) . The aquatic fungal biodiversity decreased along an increasing temperature gradient (Fig. 2B) . Similarly, aquatic fungal biodiversity decreased along an increasing salinity gradient ( Fig. 2A ). Care must be taken when interpreting these data, as previously stated, the difference in biodiversity between sampled habitats was minor. Therefore, extrapolation of any regressions (Fig. 2 ) must be undertaken cautiously, if at all.
Similarities and differences between habitats
To elucidate how similar the three habitats are Sørensen's Similarity Index was used. Of the three sampled habitats, the river and estuary were most similar and the estuary/marine and river/marine habitats were least similar (Table 3 ). The Sørensen's Similarity Index only considers the presence/absence of taxa however, Euclidean distance incorporates diversity and abundance data (Krebs 2014) . Based on Euclidean distance the most similar habitats were the estuary and marine while the least similar were the river and marine habitats (Table 3 ). This result contradicts that obtained using the Sørensen's Index and highlights the difference between presence/absence and abundance data.
Many species were found in all three habitats, including: Chalara state of Calycina parilis, Helicosporium griseum and Neonectria lugdunensis. However, approximately 60% of all taxa were found in one habitat only, highlighting the difference in taxa distribution and community composition between the three habitats reflecting the abiotic conditions. No taxa were found in both estuary and marine habitats alone (Fig. 3) , whereas two taxa are found in both river and marine habitats, but excluding the estuary. Saprobic on dead wood submerged in a river. Sexual morph: Not observed in the present study. Asexual morph: Colonies effuse, sparse, pale brown, finely hairy. Phialides formed directly on the vegetative hyphae, mostly separated by a septum. Phialides narrowly lageniform, light brown, smooth or faintly verruculose around venter, gradually tapering towards the collarette (39)42-48(51) µm. Venter subcylindrical to subconical, (19)21-28(30) × (5)6-8.5(10) μm. Collarette cylindrical, light brown, (22.5)23-27(29) × (3.5)4-5.5(6) μm. Proliferation was not observed. Transition from venter to collarette gradual, with no constriction at the transition. Ratio of the mean lengths of collarette and venter is 1:1. Conidia one-celled, hyaline, smooth, thick-walled, mostly cylindrical with obtuse ends, (5.5)7-9(10) × (3)3.5-4(4.5) μm in size. The mean conidium length/width ratio is 2.2:1. Conidia are extruded in dispersible chains. Culture characteristics: Colony irregular, umbonate, velvety white with undulate margin on MEA, reaching 8-10 mm in diameter in 21 days at 25°C, sporulating abundantly. Conidiophores straight to bent, formed by 1-3 pale brown cells and terminated by a phialide. Phialides lageniform, straight, bent or flexuous, smooth or irregularly faintly verruculose around venter, reaching (31.5)33.5-47(51.5) μm. Venter subcylindrical, 18-25(28.5) × 3.5-6.5 µm. Collarette cylindrical 11-26.5(31.5) × 2-3 µm. Conidia cylindrical to clavate, both ends rounded to slightly truncate, hyaline, aseptate, smooth-walled 3.5-6.5 × 1.5-2.5 µm. Occasionally clavate to almost ovoid conidia 2.5-3 µm × 1.5-2 µm are produced and form false chains. The mean conidium length/width ratio is 2.6:1. Conidia are extruded in short dispersible chains. There are several studies which either describe species of Chalara from freshwater habitats (McKenzie et al. 2002) or record their presence (Baschien et al. 2008 , Tsui et al. 2001 , including in the UK (Willoughby & Archer 1973) where a species of Chalara was recorded on Alnus. However, none of the studies including keys provided by Nag Raj & Kendrick (1975) or McKenzie et al. (2002) led to a species with identical morphology. The affinity of the anamorph recorded in our study to Calycina/Pezizella sequences in GenBank drew our attention to species with known Chalara anamorphs recorded from aquatic habitats. Calycina lactea (Sacc.) Baral, R. Galán & Platas occurs in the same habitat, but has smaller conidia (2-2.5 x 2 µm, H.-O. Baral, pers. com.) and is phylogenetically distinct (Fig. 5) . Not represented in GenBank is Calycina parilis, (syn. Pezizella parilis (P. Karst.) Dennis) that has been recently collected on Fagus (?) wood in a stream in Hades, near Holmfirth, Yorkshire, UK in 2011, and has a similar anamorph to our collection (Calycina parilis Ascofrance, 07-03-2012, C. Yeates, unpublished). The presence of Chalara anamorph in "intimate association" with P. parilis (as P. parile) was mentioned by Dennis (1964) , though without detailed description. Svrček (1984) in his revision of species described by J. Velenovský found P. parile conspecific with Helotium glochidiatum Velen. described from twig of Cratageus sp. in a stream. Svrček (1984) provided short description of the Chalara anamorph including measurements. According to his observation, the anamorph produced conidiophores of "lageniform shape, pale brown coloured, 25-35 × 5-7 µm large, 2.5-3.5 µm thick above, producing cylindrical, hyaline conidia 3.5-10 × 1.5-2.5 µm, truncate at both ends". Though these dimensions are smaller compared to ours, this can be attributed to the common variability of Chalara species (Koukol 2011) . Though there are no sequences of C. parilis currently in GenBank, all other characteristics point to C. parilis as a proper name for our fungus, so a full description of the anamorph is given here together with phylogenetic placement among related species (Fig. 5) . Saprobic on dead wood submerged in a river. Sexual morph: Absent. Asexual morph: Colonies effuse, sparse, black, hairy. Setae present, capitate, erect, straight or flexuous, smooth, pale brown, 2-5 septate, paler and narrowing towards the subhyaline apex, 99-135 × 5-7 µm (in widest part), apex swollen, 6-7 µm wide, with sparse mucilage. Conidiophores mononematous, erect, solitary or aggregated in groups of 2-5, arising from dark brown reduced basal stroma, unbranched, straight or slightly curved, thick-walled, dark brown, septate, (32)33-44(47) × 8.5-10(11) µm (SDev 5.5 × 0.5 µm). Conidiogenous cells monophialidic, terminal, integrated, thick-walled, consisting of a slightly swollen venter (40)44.5-52.5(55) × 14-21 µm (SDev 3.5 × 2.0 µm), narrowing abruptly to a long, tubular collarette (72)88-131.5(137) × 10-11 µm at widest part (SDev 21.5 × 0.5 µm), dark brown, slightly paler and frayed at the apex. Conidia cylindrical, occasionally slightly narrower at the base, with minute basal scar and rounded apex, initially non-septate, thick-walled, pale yellowish-hyaline, remaining hyaline for some time after release, becoming pale brown, verruculose and 3-septate, in older released conidia, concolorous, (24)26.5-32.5(37) × (7.5)8.5-10(10.5) µm (SDev 3 × 0.5 µm), often in chains.
Culture characteristics: Colony creamy white on MEA, reaching 10-15 mm in diameter in 21 days at 25°C. Setae rarely present. Conidiophores similar as on natural substrate with conidiophores reaching (19)23-31 × (5.5)7-11 (13) Notes: Sporoschisma juvenile is similar in morphology to another species common in the UK, S. mirabile Berk. & Broome and was compared against specimens in E (Ex herb musei Britannici, Herb C.E. Broome S. mirabile. Langridge 27 April 1874). However, these have characteristically septate, smooth-walled, brown conidia and the venter is not swollen. For comparison with the description of S. juvenile in Nag Raj & Kendrick (1975) , the phialophore (conidiophore, venter and collarette) measured (178)181.2-209.2(221) µm (SDev 14 µm) and the phialide (venter and collarette) was (131)146-178.6(183) µm (SDev 16.2 µm), which corresponds with the range given, and also with that given by Hughes (1949) . This suggests that while the morphology on the host is consistent, whether the fungus is derived from an aquatic habitat or a terrestrial one, it is very different when the structures are formed in culture, especially in terms of lengths (Table 4) , and this difference was illustrated by Hughes (1949) .
Although it has been described numerous times, including recently (Holubová-Jechová 1973, Goh et al. 1997 , Zelski et al. 2014 ) the variation shown in culture and the presentation of an ITS sequence justify further treatment here. In addition, after phylogenetic analysis of the ITS and LSU regions of this sample and other species of Sporoschisma from Luo et al. (2016) (Fig. 8) Giving the substantial variability on natural substrate vs. in culture and identical ITS and LSU sequences from distant geographical areas, one may not expect cryptic species within S. juvenile. Therefore, S. aquaticum is synonymised herein with S. juvenile. In addition, as the specimen in the Paris herbarium (NHMN), which Boudier (1904) used to describe this species, cannot be found his illustration is selected as the lectotype as this includes all the necessary characters needed for the correct application of this name (Fig. 7) , and the collection E00817146 is being designated as an epitype.
Discussion
Twenty-six fungal taxa were identified in this study which is low when compared with most freshwater studies (Tsui et al. 2000 , Ho & Hodgkiss 2001 , Ho et al. 2002 , Tsui & Hyde 2004 , except those in temperate regions Goh 1999, Pearman et al. 2010) . The diversity of lignicolous fungi in subtropical and tropical streams appears to be much higher (Tsui et al. 2000 , Ho & Hodgkiss 2001 , Ho et al. 2002 , Fryar et al. 2004 , Tsui & Hyde 2004 ). This may be due to the diversity of plants found in the latter habitats or the higher temperatures (Tsui et al. 2001) . In accordance with these observed differences there is almost no overlap between our studies and those of tropical and subtropical studies (Tsui et al. 2000 , 2001 , Tsui & Hyde 2004 , Luo et al. 2016 . The habitats investigated in this study fall along temperature and salinity gradients (Figure 1 ) which may affect fungal diversity and abundance (Shearer 1972) . Lausanne, 1981 . Permission to publish this image was sought, but efforts to contact the publisher were without success.
All sampled habitats had similar diversity (Table 2) and the range in H values is much smaller than that found by Pearman et al. (2010) in St. Andrews, Scotland, however the river and estuary habitats had similar H-values. Highest diversity in the present study was in the river habitat, with lowest salinity and temperature as observed previously for temperature (Fernandes et al. 2012 , Hyde et al. 2016 ) and salinity (Shearer 1972 , Tsui et al. 2001 , 2004 , Fryar et al. 2004 , Pearman et al. 2010 , Richards et al. 2012 . However, a multitude of factors affect aquatic fungal diversity and a combination of these result in the diversity seen across habitats. Decreasing diversity with increasing temperatures is troubling in light of predicted rising temperatures resulting from anthropogenic climate change. Although temperature changes are less severe in aquatic habitats due to water's thermal properties (Bärlocher & Boddy 2016) , temperate streams are particularly affected influencing fungal attachment and colonisation rates, as well as metabolism, growth and reproduction (Canhoto et al. 2016) . Alterations in the rates of these key lifecycle stages may affect community composition, diversity and activity (Hyde et al. 2016) which will have indirect effects on aquatic ecosystems due to the role of fungi in decomposition of organic matter and mediation of nutrient cycling and energy flow through aquatic food webs (Bärlocher 2016b , Kuehn 2016 . Other anthropogenic stressors of aquatic habitats such as decreased dissolved O2 (Kuehn 2016) , pollution (Tsui et al. 2001) , acidification and physical disturbance (Hyde et al. 2016 ) may interact with temperature stress amplifying the negative effects (Kuehn 2016) . Duarte et al. (2008) found that high aquatic fungal diversity mitigated the negative effects of pollution on decomposition highlighting the importance of maintaining diversity within aquatic ecosystems. Hyde et al. (2016) claim that terrestrial fungi cannot replace aquatic fungi should their diversity decline due to anthropogenic disturbances. Moreover, recent evidence of a terrestrial-endophytic stage of some waterborne anamorphic fungi (Selosse et al. 2008 , Seena & Monroy 2016 suggests that our knowledge of lifecycles of microfungi is very limited and any disturbance of the water environment may negatively affect also the terrestrial phase. Chalara spp, Mycocentrospora acerina, Neonectria lugdunensis, Sporochisma spp and Tetracladium setigerum, found in both aquatic and terrestrial environments (Ingold 1975 , Shearer et al. 2007 , Chauvet et al. 2016 , are also found in this study. Anthropogenic influences on aquatic fungi are most likely negative and understanding subsequent consequences, and the relationships between aquatic and terrestrial fungi is vital to contribute to conservation and survival of aquatic ecosystems.
Similarity indices produced ambiguous results (Table 3 ) and taxa composition varies between each habitat (Table 1 ). This indicates that the fungi found are tolerant to temperature and salinity to varying degrees (Yuen et al. 1998) . Taxa common to all three habitats include: Chalara state of C. parilis and Neonectria lugdunensis indicating that these species can tolerate wide salinity and temperature ranges. Similar species have been found by baiting in UK rivers (Willoughby & Archer 1973 , Iqbal & Webster 1977 , Shearer & Webster 1991 , Kane et al. 2002 . Interestingly there are no taxa in common between this study and the study of Hyde and Goh (1999) in the river Coln, England. Willoughby & Archer (1973) found a Fusarium sp. and Heliscus lugdunesis (synonym: Neonectria lugdunensis) after one month baiting and suggest these are early colonisers of submerged wood, whereas a Chalara sp. was found after seven months suggesting its later role in submerged wood colonisation succession.
Some taxa were only found in one habitat such as Anguilospora longissima and Menispora glauca in the river, Clonostachys sp.1 and Trichoderma sp. in the estuary and Tetracladium setigerum and Cryptocoryneum condensatum at the marine habitat. This possibly indicates that these species have narrow temperature requirements (Bärlocher & Boddy 2016) and salinity ranges, or that they represent accidental occurrences (i.e. M. glauca is a typical terrestrial saprotroph). It is unlikely that abiotic factors measured in this limited study are solely responsible for the longitudinally varying distributions through one waterbody (Shearer & Webster 1991) . For example, T. setigerum has been found in freshwater environments in other studies (Willoughby & Archer 1973) .
Neonectria lugdunensis was recorded in both sexual and asexual states (Heliscus lugdunesis) (Willoughby & Archer 1973 , Bärlocher 2012 . A further Fusarium-like synanamorph was recorded which corresponded with the Cylindrocarpon/Fusarium-like conidia known for N. lugdunensis (Webster 1959 , Lombard et al. 2014 ) and the connection was confirmed with culture morphology and DNA sequences.
Sporochisma juvenile was found on submerged wood from the river habitat after 5 weeks of incubation at 4 o C. It has a wide-ranging distribution globally, based on morphological distributions. The IMI Herberium at Kew Gardens (HerbIMI, 2016) have records of S. juvenile from Great Britain, France and India. The known distribution of S. juvenile also includes: Australia, Czech Republic, Hong Kong, Peru and Seychelles (Holubová-Jechová 1973 , Goh et al. 1997 , Zelski et al. 2014 . Evidently S. juvenile is able to colonise habitats with varying environmental conditions. The river habitat in which S. juvenile was found in this study had a water temperature of 3.89°C and pH 7.00 whereas Zelski et al. (2014) found S. juvenile in water temperatures 9.7-22°C and pH 6-8.3 indicating the ranges of abiotic conditions in which S. juvenile is able to survive. The ability of S. juvenile to survive in varying environments may be facilitated by the ability of Sporoschisma to survive in terrestrial as well as aquatic habitats which may provide a reservoir during harsh environmental changes (Shearer et al. 2007) . Muller & Samuels (1982) suggest, based on the Ellis (1971) description of S. juvenile, that it has a Chalara anamorph. However, it is evident that morphologically similar conidiogenous cells (venter and collarette -called phialides by Nag Raj & Kendrick (1975) ) can either produce hyaline, non-septate, conidia which later become pale brown, septate and verruculose (as in this study, both in culture and on the host, and illustrated by Ellis (1971) or condia which are already pale brown, septate and verruculose by the time they leave the collarette (e.g. Ellis 1971 , Nag Raj & Kendrick 1975 , Hughes 1949 . Luo et al. (2016) also illustrate similar behaviour in conidia of S. mirabile. The possible circumstances which cause condia to be so morphologically variable are discussed by Hughes (1949) .
There is still much to be uncovered about evolution, diversity, distribution and activities of aquatic fungi (Vijaykrishna et al. 2006) . In order to understand more about these important and complex organisms greater sampling efforts are needed globally combined with investigations of biotic and abiotic variables in sampled habitats. Furthermore, application of molecular techniques combined with the establishment and upkeep of fungal specific molecular databases may greatly improve the challenging identification steps and allow generation of large datasets to reveal patterns at local and global scales. Due to the role of fungi as facilitators of ecosystem processes it is important now more than ever to understand aquatic fungal ecosystems and particularly how they respond to stressors in light of changing global climates and anthropogenic disturbances.
